Through collaboration with Inuit hunters, we examined the stomach contents of 142 seals (ringed seals [Phoca hispida; n = 135], bearded seals [Erignathus barbatus; n = 6], and one harbour seal [Phoca vitualina; n = 1]) hunted between 2007 and 2019 from communities around Nunavut to assess whether seals in the eastern Canadian Arctic ingest and retain plastics in their stomachs. The seals in this study ranged from juveniles to adults of up to 30 years of age, and 55% of the seals were males. We found no evidence of plastic ingestion in any of the seals suggesting that seals in Nunavut are not accumulating plastics (> 425 μm) in their stomachs. These data provide important baseline information for future plastic pollution monitoring programs in the Arctic.
Plastic pollution has been found in virtually all oceanic and coastal regions (Kühn et al., 2015) and there is increasing recognition that some marine plastic pollution is moving as far as the Arctic and Antarctic poles (Thompson et al., 2009 ). It has even been suggested that portions of the Arctic Ocean act as a final accumulation point for plastic movement in the World's Oceans (Cózar et al., 2017) . Therefore, it is critical that we gain a better understanding of the prevalence and concentration of plastic pollution in the Arctic and how this plastic debris may be impacting Arctic wildlife.
Few studies of plastic ingestion and retention rates in stomachs exist for marine mammals and this is particularly true for Arctic marine mammals. Seals (Phocidae) are an important component of marine Arctic ecosystems and also make up an important portion of the diets of Inuit, holding high cultural, social and economic value for many northern communities (Searles, 2019) . In regions where subsistence hunting accounts for an important nutrient source, it is critical to examine plastic ingestion and accumulation in species that may result in negative effects on wildlife or its consumers.
In this study, we examined the stomach contents of 142 seals (ringed seals [Phoca hispida; n = 135], bearded seals [Erignathus barbatus; n = 6], and a single harbour seal [Phoca vitulina; n = 1]) to investigate if seals from the eastern Canadian Arctic are ingesting and retaining plastics. Given that some avian species in the region have been found to ingest and accumulate plastic debris (e.g. Provencher et al., 2010) , and that contaminants potentially derived from plastics were found in Arctic seal tissues (Lu et al., 2019) , we predicted that we would find plastic debris in the seal stomachs. These data are important as they provide the first assessment of plastic pollution in an ecologically and culturally important marine mammal in the eastern Canadian Arctic.
Stomachs were collected from 142 seals harvested by Inuit hunters for subsistence in 2007, 2008, 2018 and 2019 from Arviat (61.1078°N, 94.0624°W), Naujaat (66.5283°N, 86.2447°W), Sanikiluaq (56.5408°N , 79.2232°W), and Iqaluit (63.7467°N, 68.5170°W), Nunavut, Canada (Fig. 1) . Tissues from the seals were harvested with permits from the Department of Fisheries and Oceans (DFO) (DFO LFSP S-17/18 1005-NU), approval from the Nunavut Wildlife Management Board (NWMB), and support from the Arviat, Arviq, Sanikiluaq, and Amaruq Hunter and Trapper Organizations. The species, sex, and body measurements of the seals were recorded by the hunters. The relative age of some seals were determined by the hunters, while for other seals the lower right canine teeth were sent to Matson's Laboratory (Montana, USA) to determine age via counting cementum annuli from a crosssectioned portion of the tooth (Stewart et al., 1996) . The seal stomachs were removed by the hunters, placed into low-density polyethylene bags and frozen to be analyzed at a later date. Other tissues were taken by the hunters for studies involving the health of the seals, including pathology and contaminants.
In April 2019, the seal stomachs were shipped frozen to Carleton University (Ottawa, Canada) to be dissected and inspected for accumulated plastics. In the laboratory the seal stomachs were thawed and weighed. The stomachs were then cut open with a pair of clean scissors and the stomach contents were visually inspected. The dominant diet items were noted, but not quantified. The stomach contents were then removed, weighed, and sieved through nested stainless-steel sieves (mesh size 850 μm and 425 μm) and rinsed using tap water. Material retained by the 850 μm sieves was visually inspected for any plastics. Visual inspection involved thoroughly picking through sections of the stomach contents using forceps and running tap water. Any material that was hard, floated, was sheet like, or was of bright colour was placed into a Petri dish to be inspected more closely under a microscope. The material retained by the 425 μm sieves were rinsed into Petri dishes and carefully inspected under a Leica stereo-microscope at 50 times magnification.
This study focused on the ingestion and retention of plastics > 425 μm in size, as the sampling methodology, specimen storage, and size of the stomachs would have made analysis of smaller plastic particles difficult given uncertainties around airborne contamination by microfibres (Torre et al., 2016) and the amount of organic material that would require digestion in order to isolate these smaller plastics (Lusher et al., 2017) . Due to the uncertainties of atmospheric contamination by microfibres (both at the time of sampling and in the laboratory) we did not quantify microfibres in the stomach contents although a few were visible under the microscope. Although we are confident in the caution exerted in inspecting the sieves, we acknowledge that without conducting a digestion of the stomach contents, it is possible that small clear film-like plastics could have been overlooked amongst the organic prey items.
Of the 142 seal stomachs, the majority were from ringed seals (n = 135), along with some bearded seals (n = 6) and a single harbour seal (n = 1). The harvested seals ranged in age from juvenile to 30 years old and of the harvested seals there were 61 female, 78 male, and 3 unknown (Table 1 with full dataset in supplementary material). The standard length of the seals ranged from 77 cm to 252 cm (mean = 111 cm). The weight of the seal stomachs ranged from 123 g to 6210 g (mean = 494 g). The weight of stomach contents ranged from 0 g to 3446 g (mean 148 g). Approximately 21% (n = 31) of the seal stomachs were empty, which is similar to what has been reported in other seal diet studies (Gjertz and Lydersen, 1986; Holst et al., 2001; Labansen et al., 2007; Ogloff et al., 2019; Siegstad et al., 1998) . The contents of the seal stomachs were fairly homogenous with either exclusively euphausiids (n = 60) or exclusively small fish (n = 19) making up the bulk of the stomach contents, however, a few stomachs had a mix of euphausiids and fish (n = 9) ( Fig. 2A, Fig. 2B [I, II]). Less prevalent stomach contents included parasitic roundworms (n = 10), kelp (n = 2), and rocks (n = 1) ( Fig. 2A, Fig. 2B [III, IV, V]). Four of the six bearded seal stomachs only contained large quantities of parasitic roundworms, while one contained fish and the other contained a large amount of sand, gravel and larger rocks, together weighing approximately 3.4 kg ( Fig. 2B [V, VI] ). The harbour seal stomach contained fish. The stomach contents of a few seals (n = 10) were not identifiable given the state of digestion.
We detected no accumulated plastic particles > 425 μm in the stomachs examined, which suggests that seals in the eastern Canadian Arctic are not retaining plastics in their stomachs. Although our study does not rule out the possibility that seals may be ingesting plastics that are passing through their digestive system, our fairly large sample size (n = 142) and the absence of plastic in any of the samples suggests a low ingestion rate of larger plastics, if any. These results indicate that unlike Arctic seabirds collected from the same region, seals are 1) not as exposed to plastic pollution when feeding; 2) not ingesting plastics if they are exposed to plastic pollution when feeding; and/or 3) not retaining plastics in their gastrointestinal systems. Furthermore, these results provide important baseline data for plastic retention in seal stomachs that can be used to assess future rates of plastic ingestion/ retention in seals as the concentration of plastic pollution in the Arctic increases.
Previous studies have reported on plastic ingestion by fur seals (Arctocephalus ssp.) from the Southwestern Atlantic Ocean, the Eastern Pacific Ocean, and the Southwestern Pacific Ocean (Denuncio et al., 2017; Donohue et al., 2019; Eriksson and Burton, 2003) , Hooker's sea lions (Phocarctos hookeri) from the Southwestern Pacific Ocean (McMahon et al., 1999) , grey seals (Halichoerus grypus) from the Celtic and North seas (Hernandez-Milian et al., 2019; Nelms et al., 2019 Nelms et al., , 2018 Unger et al., 2017) , harbour seals from the North Sea (Bravo Rebolledo et al., 2013; Nelms et al., 2019; Unger et al., 2017) , and Mediterranean monk seals (Monachus monachus) from the Aegean Sea (Salman et al., 2001) . Six of these studies found plastics in the stomachs and gastrointestinal tracts (GIT) of the sampled seals, and three studies found plastics in seal scat. Denuncio et al. (2017) , Salman et al. (2001), and Unger et al. (2017) found macroplastics in the seal stomachs and GIT, which were predominately fishing-related debris, while Bravo Rebolledo et al. (2013) , Hernandez-Milian et al. (2019) , and Nelms et al. (2019) found microplastics in the stomachs and/or GIT of seals, of which the most common particles were fibres followed by fragments.
It has been suggested that the microplastics found in seal scat originated from secondary ingestion whereby the seals ingested prey already containing the plastic particles ( on microplastics in 11.5% of scats collected from Hooker's sea lions on Macquarie Island, also suggesting secondary ingestion of plastics after plastic fragments were found concurrently with otoliths from lanternfish (Electrona subaspera). Although the frequency of occurrence has been shown to be low, Kühn et al. (2018) and Morgana et al. (2018) both reported on plastics in polar cod (Boreogadus saida), a species commonly preyed upon by Arctic seals, highlighting the potential for Arctic seals to ingest microplastics through their prey. Similarly, low numbers of macro-and/or microplastics have been reported in the GIT of other marine mammals such as cetaceans (Lusher et al., 2018; Moore et al., 2019; Panti et al., 2019; Unger et al., 2017; , suggesting fairly widespread exposure of marine mammals to plastics. Although plastics were found in all of the above studies, many of these authors noted the low occurrences of macro-and/or microplastics in stomachs and GIT, and suggested that plastics may not be retained for long periods of time in the GIT. While seals are readily available in the region for monitoring chemical contaminants (Houde et al., 2017) , the lack of plastic ingestion may indicate that seals may be less useful for tracking plastic pollution in the region. Importantly, most plastic debris either floats at the surface (e.g. polypropylene) or sinks to the bottom (e.g. polyvinyl chloride). The finding of mostly euphausiids in the diet suggests that the ringed seals are likely feeding in the middle of the water column, and thus are less likely to be exposed to plastic debris. In seabirds, similar trends have been found with surface feeders having the most plastic ingestion, whereas benthic and pelagic feeders have less accumulation of plastics (Poon et al., 2017; Provencher et al., 2014) .
Although there was no evidence of plastic material in any of the stomachs dissected for this study, it is possible that there could have been microplastics < 425 μm that were not captured in the sieves, and which would have likely passed through the GIT of the seals. It is also possible that the prey within the seal stomachs (euphausiids and fish) could have contained microplastics, thus contributing to an indirect ingestion of microplastics by the seals. Although Arctic waters have been suggested as a final resting place for some plastic debris, the concentration of plastics in Canada's eastern Arctic waters are likely lower than in temperate or equatorial areas (Cózar et al., 2017) , possibly resulting in marine mammals such as seals being less exposed to plastics. This study therefore provides important baseline data for plastic ingestion and concentrations in the eastern Canadian Arctic.
Numerous studies have reported plastic ingestion by a variety of organisms, however, few studies have published results showing zero plastic ingestion rates. Liboiron et al. (2018) published findings of 0% plastic ingestion rates of silver hake (Merluccius bilinearis) from off the south coast of Newfoundland, Canada, while Ryan et al. (2016) published their findings of zero plastic particles in Antarctic fur seal scat from three islands in the Indian and South Atlantic Oceans. Both of these articles suggest that there is a general lack of reporting null results of plastic ingestion within the literature. In order to gain a complete understanding of the extent of plastic pollution and to mitigate the impacts on the environment, it is paramount that we identify the species and regions in which plastic ingestion is occurring.
Supplementary data to this article can be found online at https:// doi.org/10.1016/j.marpolbul.2019.110772. 
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